Abstract The effect of die geometry and the bond layer thickness on the stress distribution in a conductive die attach assembly was analysed using finite element models. Models used for the analysis were those of a freely deforming assembly i.e. not restrained by packaging. It was found that the thinner the bondline, the greater the stress in the joint. The level of stress in the joint remains approximately constant for die sizes greater than (4x4)" and a sawn through die was found to be much better for stress management.
Introduction
Conducting adhesives are currently being used for die-attach in a number of applications. The drive for high quality and reliable electronic interconnects calls for an understanding of the various parameters involved in the design and manufacture of such joints. The finite element method offers a valuable tool for analysis of such joints since features such as adhesive fillets and the precise geometry of the components of an assembly can be taken into consideration during modelling.
The adhesive is usually applied to the substrate by screen printing or syringing, components are then placed upon the adhesive and the adhesive cured by the application of heat in an oven or belt furnace. Such curing processes can lead to significant residual stress which may influence the manufactured quality of the joint and its subsequent reliability. The mechanical properties and curing temperature of the adhesive combined with the joint geometry are important in determining such stresses. This paper presents the result of a study of the effect of the die geometry and the bond layer thickness on the stress distribution in a conductive adhesive die attach assembly.
Joint Geometry
Examination of cross-sections through typical die attach assemblies, reveals two important features:
(1) The edge of the silicon die may have three types of geometry: straight edge (Fig.la) ,undercut edgevigure lb), and bevelled edge ( Figure IC) .
(2) The adhesive forms a triangular fillet around the base of the die. Examination of micrographs also revealed that the bond-line thickness of the adhesive (although printed through a 50pm thick screen emulsion deposit) was, after placement and cure, about 34pm. The adhesive fillet was found to rise to about h/4 where h is the height of the die and the, fillet is approximately an isosceles triangle. The bevelled and undercut geometries observed resulted from the method of manufacture where the silicon wafers are scribed or partly sawn and then cleaved. For a silicon wafer with a 100 orientation (as in our specimens), it is expected that the cleavage after scribing or part-sawing perpendicular to the flat surface will reveal the 1 11 plane. Hence the side of the cleaved walls will be at 54.7' to the flat surface. gether by a high glass: transition(Tg) epoxy adhesive engineered for high temperature applications was modelled. A linear analysis of the thermally induced stress created by cool@ the system from the curing temperature (275°C) to ambient (taken as 25OC) was performed.
follows:-1. All material properties were considered to be linear ( i.e. stress relief due to plastic deformation of the adhesive was not taken into consideration). 2. The adhesive layer is homogeneous and void free. 3. The system is in equilibrium at the curing temperature (i.e. strain free).
The main assumptions used in the model are as 4. Isotropic material properties were assumed for silicon.
Three 3-Dimensional models of these observed joint geometries were built using the dimensions and material properties as shown above. Planes of symmetry were taken along the diagonal (z'y-plane) and the mid-plane (xy-plane). This use of symmetry reduces the model size by a factor of 8. The fillet was modelled as an isosceles triangle of height 1 2 5 p and the die cleavage angles were 57.4". The material properties used are shown in Table 1 . The predicted stress level in the die can be compared with the ultimate strength of silicon in order to determine the likelihood of failure. There is no single criterion for evaluating peel at the interfaces unless practical experiments are performed for the particular assembly and materials in question. The effect of die size and bond-line thickness was evaluated using the stress level in the die as this gave a more easily comparable set of data. The four areas outlined above were examined for each die geometry modelled. It should be noted that the substrate in this analysis is allowed to deform freely without the constraints of any form of packaging as might occur in a real product. The situation described above assumes the manufacturing situation in which the product is not yet packaged, therefore it may not apply to a product in service in which the substrate may be constrained to remain flat.
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As part of the efforts to validate the models, a similar assembly was cured while observing the strain fringes using Electronic Speckle Pattern Interferometry (ESPI) [2] . The out of plane gross displacement of the assembly observed by this method was found to be 80pm with an 18%'error band. The 3-D model for the straight edged die however predicted 66pm out of plane displacement between the centre of the substrate and its corner. The correlation between this experiment and the analysis results shows a good degree of confidence in the modelling effort.
4.1. Sensitivity to Bond-line Thickness Figure 3 shows the peak maximum principal stress on the surface of the die for the different bondline thicknesses. It is apparent from the graph that the thinner the bondline the greater the stress on the surface of the die. The stresses shown are those expected along the mid-plane of the assembly. A higher stress level of about 1.6 to 1.85 times those shown in Figure  3 is expected along the diagonal [l] . It can also be seen that the rate of change of stress begins to decrease above a bondline thickness of 20pm and is actually lowest between 30 and 4Opm. The differences in stress 'This relatively large value is typical of erriYiarising from manually counting the number of interference fringes level above the 30pm thickness could include an artifact of mesh fineness. It may therefore be concluded that, for stress management, the bondline thickness should be greater than 30pm. However, figure 5 particularly shows that the tensile stress observed in the interfaces have some sensitivity to bondline thickness, but this effect is very small in comparison with the compressive stress at the edge of the interface. 
Sensitivity to Die Sizes
A plot of the peak stress along the die surface for different square die sizes ranging from 2x2" to lOxlOmm (Figure 6 ) reveals that the maximum stress to be expected on the xy-plane occurred with the 4mm square die. It can be seen from the graph that the peak stress occurs closer to tine perimeter of the die therefore the effect of the peak stress over the whole die seems to be balanced by a bigger passive region in the larger dies. The graph therefore presents a situation where above a certain size the peak stress does not increase with increase in die she. The small differences in peak stress predicted for die sizes greater than 4mm square (observed from the graphs) is not significant and could have resulted from the level of refinement of the mesh. (Figure 7) for the different die geometries indicates that the maximum stress level oc-curred in the die with the undercut edge. The bevellededge die has the lowest level of stress. However, it should be borne in mind that a bevelled and an undercut edge will most likely occur at opposite ends of the same die. This indicates that a sawn through die is better than scribed-cleaved die for stress management. A graph of the stress on the edge of the die, Figure  8 , shows that the maximum stress occurred in the undercut edge die, followed by the straight edge and finally the bevelled edge die. The stress level observed, when compared with the ultimate tensile strength of silicon(horizonta1 line on the graph), indicates that there is only a small margin of safety for the undercut geometry. It was also observed that the the peak stress on the edges did not occur at the start of the fillet (0.175mm) which shows that the stress resulted from the geometry of the die itself. Furthermore, variation in stress distribution resulting from differences in geometry is observed in the fact that some of the edges resulted in compressive stresses and the peak stresses occurred at different heights for different geometries and planes. The graphs of stresses at the interfaces (Figures 9 and 10) show very little difference in stress level between the three different geometries. Differences are however obvious in the level of stresses observed for the different planes. It was also noticed (as indicated €or the undercut edge) that the maximum tensile stress normal to the interfaces occurred at the Die-Adhesive interface suggesting that peeling will probably initiate at this interface. It is also worth mentioning here that the stress on the Die-Adhesive interface plotted in Figure 9 is for the portion of the die resting vertically on the adhesive and not necessarily to the tip of the fillet This formula was proposed for structural adhesive joints in which the adherents are both made of the same materials. Furthermore, it gives an approximate value that takes no account of the geometry factor. Using this formula,the estimated tensile normal stress should have been 86Mpa compared with the 130Mpa predict. ed by the finite element analysis.
It should be noted that the results presented in this paper are for models of a freely deforming assembly. The stress levels and perhaps the stress distribution may change when the assembly is packaged as constraints may be imposed by the packaging. Similarly, linear elastic properties have been assumed throughout the models so if plasticity or creep occur in the real materials the actual stress levels will be lower.
-
Conclusions
It has been shown in this paper that for a freely deforming conductive adhesive die attach assembly, the bondline thickness should be above 3 0 p for good stress management. There are indications to the fact that there is an increase in peak stress in the die with increasing die size up to about 4x4 mm after which the level of stress remains approximately constant. Simi. larly, a sawn through die is much better for stress management.
